Oxygen consumption (Vo,) and heart rate were measured at ambient temperatures between +20 and -40 C. Basal metabolic rate was 0.3 cm3/g'h (65 beats/min), the body temperature was 38 C, the lower critical temperature (Tzc) was 10 C, and conductance was 0.01225 cm3/g hoC. Fat composition of 79 adult badgers captured during the winter showed maximal fat deposition of 31% body weight in November. Fat stores were reduced 37% between November and March. The burrow temperature remained between 0 and 4 C throughout the winter. Badgers in outdoor enclosures during the winter of 1977-1978 reduced their above-ground exposure by 93% from November through February. Two badgers remained below ground for more than 70 consecutive days during the 1978-1979 winter. While below ground, one telemetered badger entered a state of torpor, on 30 occasions, characterized by a 50% reduction in heart rate (from 55 to 25 beats/min) and a 9 C reduction in body temperature (from 38 to 29 C). The torpor cycle lasted an average of 29 h (entrance-15 h, torpor-8 h, arousal---6 h). Each cycle provided a 27% or 81 kcal/cycle reduction in energy expenditure.
INTRODUCTION
Many temperate-zone mammals exhibit both behavioral and physiological adaptations to cold. One of the most effective behavioral mechanisms is to avoid extreme cold through the use of a burrow or den (Pruitt 1960 The badger, Taxidea taxus, is a semifossorial mammal that remains below the ground for extended periods during midwinter in response to cold (Harlow 1979a) . McNab (1966) reported that fossorial rodents tend to have higher conductance (the reciprocal of insulation) than predicted by standard formulas. This same characteristic may be reflected by the badger. A high thermal conductance may restrict the badger's exposure to cold and consequent predatory activity during the winter, causing an increased reliance on fat reserves. In addition, the badger is an opportunistic feeder which relies primarily on small mammals, which may be more difficult to obtain during the winter (Lampe 1976 (Slonin 1952; Johansson 1957 ) are known to exhibit signs of torpor. It is possible that the American badger also has the ability to lower its body temperature and metabolic requirements during the winter while beneath the ground and thereby conserve energy.
It is, therefore, the purpose of this study to investigate the badger's (1) winter activity and behavioral avoidance of cold temperatures, (2) thermal insulation, (3) seasonal fat utilization, and (4) energy requirements during the winter in order to understand the badger's adaptations to conditions of cold and food scarcity.
MATERIAL AND METHODS

EXPERIMENTAL ANIMALS
Badgers were collected in Albany County, Wyoming, during the summers of 1977 and 1978 and maintained either in outdoor enclosures or in rooms exposed to outside temperature and photoperiod. Only female badgers weighing between 7.5 and 9.5 kg were used in this study. They were fed Purina Dog Chow consisting of 21%, 8%, and 4.51% crude protein, fat, and fiber, reslpectively, and with a gross energy content of 5.15 kcal/g. The length of time each badger spent in its burrow was determined with a directional photocell monitoring system placed at the burrow entrance (Harlow 1979b) .
A Student t-test and least-squares regression were employed to examine differences between means and linear correlation of data, respectively (Neter and Wasserman 1974). activity over a greater number of hours per day (1600-0600 MST) with an average heart rate of 150 beats/min (0.96 cm3/g*h) ( fig. 9) . During the winter 1978-1979, continuous telemetry signals were received for only one of the two badgers remaining constantly below ground. During this time, the heart rate was only occasionally elevated above 55 beats/min (0.27 cm3/g-h). In addition, on 30 occasions the badger entered torpor which was characterized by a drop of 9 C in body temperature and a 50% reduction in heart rate ( fig. 10) In the present study, oxygen consumption and heart rate were highly correlated, and the curve fell midway between those obtained by Lampe (1976) from two female badgers on a treadmill. Heart rate was therefore used to estimate metabolic ex- (Morrison 1960) . From this relationship, the predicted Vo, of a badger that dropped its body temperature 9 C would be 0.130 cm3/g-h, which closely approximates the 0.133 cm3/g.h calculated from heart rate while in torpor. Assuming a specific heat of tissue to be 0.82 kcal/kg/oC (Hart 1951) , it would require 59.8 kcal to raise the temperature of an 8-kg animal by 9 C. It required 60.2 kcal to bring the badger's temperature from 28 C to 37 C, very close to the predicted expenditure. However, the 4 h required for this arousal were 1.5 h longer than predicted by the formula: 0C min-' = 2.03S-0.'04 (Bartholomew 1972). It has long been known that small heterothermic mammals warm up more rapidly than large ones. As a consequence, Pearson (1960) believes that large mammals cannot afford the time necessary to enter and emerge from torpidity each day. Torpor, however, was observed in the badger only during the cold months of December and January and did not occur every day. Periods of lowest body temperature varied in length from 6 to 18 h with an average 29-h torpor cycle from entrance to the end of arousal. In addition, normothermic periods were not characterized by foraging activity but by states of rest or sleep. As a consequence, the time required for the badger to arouse is insignificant as long as the torpor cycle provides an energy saving. Energy expenditure during the 29-h torpor cycle required 220 kcal for an 8-kg animal. Entry into torpor accounted for 26/% of the total energy spent in the torpor cycle, and torpor itself accounted for 31.5%. The remaining 42.50% was used during arousal. If the badger slept continuously with a heart rate of 55 beats/min for the same period, it would expend 300 kcal. Therefore, torpor provided the badger a 277% energy savings or 8.5 g of fat during the period of an average cycle. This would amount to a total of 255 g of fat, which would allow the badger an extra 10 days of rest without food during early spring to act as a buffer against bad weather and food scarcity. 
